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Abstract of JP2002141771 

PROBLEM TO BE SOLVED: To allow a surface acoustic 
wave filter where a surface acoustic wave filter having a ladder 
circuit configuration is electrically connected and mechanically 
fixed to a package by a face-down method, to have a structure 
giving an excellent filter characteristic through the addition of 
inductance. SOLUTION: This invention provides the surface 
acoustic wave filter where the surface acoustic wave filter 
element consisting of one-terminal surface acoustic wave 
resonators having a ladder circuit configuration on a 
piezoelectric substrate is contained in a package by the face- 
down method, microstrip lines connected to a series arm 
resonator and/or a parallel arm resonator are provided inside 
the package and the characteristic of the filter can be adjusted 
by using the inductive component of the microstrip lines. 
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BACKGROUND OF THE INVENTION 
[0001] 1. Field of the Invention 

[0002] The present invention relates to a surface acoustic wave filter, and more particularly, to a surface acoustic wave f 



file://C:¥Documents and Settings¥p8748¥My Documents¥EPOV3¥JP20021 41 771 .... 2005/1 2/06 



JP2002141771 



2/11 /<— i? 



device including a ladder type circuit. 
[0003] 2. Description of the Related Art 

[0004] A conventional band-pass filter includes a ladder type circuit having a plurality of one terminal pair surface acoui 
wave resonators that are connected in a ladder configuration (e.g., Japanese Unexamined Patent Application Publication 
183380). 

[0005] In this band-pass filter, a plurality of one terminal pair surface acoustic wave resonators are connected in series b« 
an input terminal and an output terminal as series arm resonators to define series arms. In addition, a plurality of one terr 
pair surface acoustic wave resonators are connected in parallel between the series arms and ground as parallel arm reson: 
define parallel arms. 

[0006] The band-pass filter including a ladder type circuit has reduced insertion loss and a wide pass band, and is comm< 
used as a band-pass filter in a portable telephone. 

[0007] Japanese Unexamined Patent Application Publication No. 05-183380 discloses that an inductance component is 
connected in series to the above-described series arm resonator or parallel arm resonator, and this provides an increased 
bandwidth. 

[0008] Also, Japanese Unexamined Patent Application Publication No. 10-93382 discloses a structure wherein an induct 
added to parallel arm resonators in a surface acoustic wave filter device having a ladder type circuit. FIG. 18 shows a cir 
configuration of the surface acoustic wave filter device according to this prior art. In the surface acoustic wave filter dev 
series arm resonators SI and S2 and parallel arm resonators PI to P3 are connected to one another so as to define a ladde 
circuit. Here, an inductance L is inserted between the parallel arm resonators PI to P3 and the ground potential to thereb; 
provide an increased pass band width and an increased attenuation value in the vicinity of a pass band. 
[0009] On the other hand, Japanese Unexamined Patent Application Publication No. 04-65909 discloses a structure in w 
surface acoustic wave filter element is connected to a package by a face down mounting process. Conventionally, in the 
m which the surface acoustic wave filter element is acconunodated, the electrodes of a package and the electrodes of the 
acoustic wave filter element are connected by bonding wires. In contrast, the surface acoustic wave filter device disclose 
prior art has a reduced size by utilizing the face down mounting process. FIG. 19 shows a schematic sectional view of a ; 
of a surface acoustic wave filter element provided using this face down mounting process. 

[0010] In the surface acoustic wave filter device 601, a surface acoustic wave filter element 603 is provided in a package 
The package 602 includes a base board 602a, a side wall 602b, and a cap 602c. 

[001 1] On the base board 602a, a die-attach portion 602d is provided having a plurality of electrode pads electrically cor 
to the surface acoustic wave filter element 603. The surface acoustic wave filter element 603 includes a piezoelectric sub 
603a, and electrodes of a surface acoustic wave filter element are provided on the bottom surface of the piezoelectric sut 
603a. The electrodes provided on the bottom surface of the piezoelectric substrate 603a are electrically connected to the 
electrode pads in the die-attach portion 602d via bumps 604, and the surface acoustic wave filter element 603 is mechani 
fixed to the die-attach portion 602d via the bumps 604. 

[0012] In a face down mounting method for bonding, a surface including electrodes defining a surface acoustic wave filt 
element of the piezoelectric substrate is attached to a package by bumps. Smce no bonding wires are required, a surface : 

wave filter device having a reduced size is produced. 

[0013] As disclosed in the Japanese Unexamined Patent Application Publications Nos. 05-183380 and 10-93382, when i 
inductance is added to a series arm resonator or a parallel arm resonator in a surface acoustic wave filter device having a 
type circuit, the filter characteristics thereof are improved. Also, when connecting a surface acoustic wave filter element 
electrodes on a package by a bonding wire, the above-described inductance can be included using the bonding wire. 
[0014] However, in the surface acoustic wave filter device 601, which is packaged by above-described face down moiml 
process, since no bonding wires are provided, an inductance component cannot be added to the surface acoustic wave fil 
device 601 using the bonding wire. A small inductance component may be provided by rooting electrodes connecting th< 
external electrodes provided on the package to the die-attach portion, but a large inductance cannot be obtained by such i 
electrodes. 

[0015] Therefore, in the surface acoustic wave filter device disclosed in the Japanese Unexamined Patent Application 
Publication No. 04-65909, it is difficult to achieve an increased pass band width and an increased attenuation value in th 
vicinity of a pass band, by the addition of inductance. 

[0016] Japanese Unexamined Patent Application Publication No. 04-65909 describes that, by adding inductance compor 
between each of the input/output signal terminals and the ground terminal in the package, an input/output impedance ma 
is achieved without using external elements. This description, however, applies to a surface acoustic wave filter having a 
structure which must achieve an input/output impedance matching outside the surface acoustic wave filter. Accordingly, 
case of a surface acoustic wave filter having a ladder circuit configuration which does not need to be matched, it is unnei 
to achieve an impedance matching between each of the input/output signal terminals and the ground terminal in such a p 
[0017] Also, in the Japanese Unexamined Patent Application Publication No. 04-65909, inductance components are pro^ 
the die-attach portion. However, with this structure, an electromagnetic coupling occurs between the wiring and the die-i 
portion on the piezoelectric substrate of the surface acoustic wave filter element, such that the filter characteristics theret 
deteriorate. In addition, it is necessary to adjust the position and the number of bumps to fix and electrically connect the 
acoustic wave filter element and the package in order to provide an inductance component in the die-attach portion. Ho\^ 
since the position and the number of bumps do not necessarily achieve the sufficient electrical connections and mechanii 
bonding, the reliability of surface acoustic wave filter device deteriorates. 

SUMMARY OF THE INVENTION 

[0018] In order to overcome the above-described problems, preferred embodiments of the present invention provide a su 
acoustic wave filter device having excellent filter characteristics, in which a surface acoustic wave filter element includu 
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ladder type circuit is accommodated in a package by the face down mounting process. Inductances are added to parallel ; 
resonators and/or series arm resonators, and the deterioration of filter characteristics by the electromagnetic coupling bet 
the electrodes on the surface acoustic wave filter element and the inductances provided in the package is prevented. 
[0019] In accordance with a preferred embodiment of the present invention, a surface acoustic wave filter device include 
surface acoustic wave filter element including a piezoelectric substrate and a plurality of one terminal pair surface acous 
elements provided on the piezoelectric substrate, and in which the one terminal pair surface acoustic wave elements are 
connected to define a parallel arm resonator and a series arm resonator in a ladder circuit, and a package accommodating 
surface acoustic wave filter element. In this surface acoustic wave filter device, the surface acoustic wave filter element : 
bonded via a plurality of bumps by using the face down mounting process and is acconmiodated in the package. This sui 
acoustic wave filter device further includes an inductance component of a microstrip line which is provided in the packa 
connected to at least one of the series arm resonator and the parallel arm resonator. 

[0020] hi accordance with another preferred embodiment of the present invention, the above-described package includes 
attach portion including a plurality of electrode pads which are connected via the bumps to one of a signal terminal and <- 
terminal of the surface acoustic wave filter element, and a plurality of external electrodes which are electrically connectc 
least one of the electrode pads, and connected to one of a signal line and a ground line outside the surface acoustic wave 
device. 

[0021] hi accordance with another preferred embodiment of the present invention, the above-described microstrip line is 
preferably connected between the electrode pad connected to the signal terminal of the series arm resonator and the extei 
electrode connected to the signal line outside the surface acoustic wave filter device. 

[0022] In accordance with another preferred embodiment of the present invention, the above-described microstrip line is 
provided between the electrode pad connected to the ground terminal of at least one parallel arm resonator via the bump: 
the extemal electrode which is connected to the ground line outside the package. 

[0023] In accordance with another preferred embodiment of the present invention, the surface acoustic wave filter device 
includes at least two parallel arm resonators. In this surface acoustic wave filter device, the ground terminals of all the pi 
arm resonators are commonly connected on the piezoelectric substrate, and the microstrip line is connected between the 
where the ground terminals of the parallel arm resonators are commonly connected and the extemal electrode provided i 
package. 

[0024] In accordance with still another preferred embodiment of the present invention, the surface acoustic wave filter d 
includes at least two parallel arm resonators. In this surface acoustic wave filter device, the package-side electrode pads 
connected to the ground terminals of all the parallel arm resonators define a common electrode pad, and the microstrip li 
provided on the path between the common electrode pad and the external electrode. 

[0025] In accordance with still another preferred embodiment of the present invention, the surface acoustic wave filter d- 
includes at least three parallel ami resonators, and an electrode land which is provided on the piezoelectric substrate, anc 
which the ground terminals of at least two parallel arm resonators are each connected. In this surface acoustic wave filtei 
the microstrip line is provided on the path between the electrode land connected to the ground terminals of at least two p 
arm resonators and the extemal electrode to which the electrode land is connected, and the parallel arm resonator other t) 
above-described at least two parallel arm resonators is electrically isolated from the above-described at least two parallel 
resonators on the piezoelectric substrate, and is electrically connected to the extemal electrode other than the package-si< 
extemal electrode connected to the above-described at least two parallel arm resonators. 

[0026] In accordance with a further preferred embodiment of the present invention, the surface acoustic wave filter devi( 
includes at least three parallel arm resonators. In this surface acoustic wave filter device, the plurality of electrode pads i 
common electrode pad connected to the ground terminals of at least two parallel arm resonators among the parallel arm 
resonators, and the microstrip line is provided on the path between the common electrode pad and the extemal electrode 
which the common electrode pad is connected, and the parallel arm resonator other than the above-described at least two 
arm resonators is electrically isolated fi-om the above-described at least two parallel arm resonators, at a die-attach portic 
including the plurality of electrode pads, and is electrically connected to the extemal electrode other than the package-si( 
extemal electrode connected to the above-described at least two parallel arm resonators. 

[0027] In accordance with a further preferred embodiment of the present invention, the above-described microstrip line i 
disposed in the package at the position other than the position of the die-attach portion. 

[0028] In accordance with a yet further preferred embodiment of the present invention, the above-described package inc 
base board on which the surface acoustic wave filter element is mounted, an annular side wall provided on the base boar 
cap member attached to the annual side wall so as to close the upper end thereof. Herein, a main portion of the microstri] 
disposed between the side wall and the base board. 

[0029] In accordance with another preferred embodiment of the present invention, the above-described package includes 
case member on which the surface acoustic wave filter element is mounted, and a second case member enclosing the sur 
acoustic wave filter element moimted on the first case member. Herein, a main portion of the microstrip line is provided 
the first case member. 

[0030] Here, "a main portion of a microstrip line" refers to at least 50% of the entire length of a microstrip line. 
[003 1] In accordance with still another preferred embodiment of the present invention, the signal terminal at the input/oi 
end of the surface acoustic wave filter element and at least one ground terminal thereof are arranged so as to be rotated b 
approximately 90[deg.] with respect to the imaginary line which passes the approximate center of the piezoelectric subst 
the surface acoustic wave filter element, and which is substantially perpendicular to the piezoelectric substrate, with resp 
the extemal electrode connected to the signal line at the input/output end and the extemal electrode connected to at least 
ground potential among the plurality of extemal electrodes. 

[0032] The communication device in accordance with another preferred embodiment of the present invention includes a 
acoustic wave filter device in accordance with the present invention. 
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[0033] Other features, elements, characteristics and advantages of the present invention will become more apparent fron: 
following detailed description of preferred embodiments thereof with reference to the attached drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0034] FIG. 1 is a schematic sectional view of a surface acoustic wave filter device in accordance with a first preferred 
embodiment of the present invention. 

[0035] FIG. 2 is a plan view showing an electrode structure of a surface acoustic wave filter element used in the surface 
wave filter device in accordance with the first preferred embodiment of the present invention. 

[0036] FIG. 3 is a schematic plan view showing a die-attach portion including a plurality of electrode pads on the top sui 
a base board in a package of the siuiace acoustic wave filter device in accordance with the first preferred embodiment ol 
present invention. 

[0037] FIG. 4 is a circuit diagram of the surface acoustic wave filter device in accordance with the first preferred embod 
the present invention. 

[0038] FIG. 5 is a plan view showing an electrode pattern on the top surface of the base board in the package of a convei 
surface acoustic wave filter device prepared for comparison. 

[0039] FIG. 6 is a diagram showing the attenuation value-fi-equency characteristics relationships in the surface acoustic ^ 
device of the first preferred embodiment of the present invention and that of the conventional example. 
[0040] FIG. 7 is a circuit diagram of a surface acoustic wave filter device in accordance with a second preferred embodii 
the present invention. 

[0041] FIG. 8 is a plan view showing an electrode structure on the top surface of a base board in a package used in a sun 

acoustic wave filter device in accordance with the second preferred embodiment of the present invention. 

[0042] FIG. 9 is a diagram showing the attenuation value-fi-equency characteristics relationships m the surface acoustic ^ 

filter device of the second preferred embodiment of the present invention and that of the conventional example. 

[0043] FIG. 10 is a circuit diagram of a surface acoustic wave filter device in accordance with a third preferred embodin 

the present invention. 

[0044] FIG. 1 1 is a plan view showing an electrode structure on the top surface of a base board in a package used in a su 

acoustic wave filter device in accordance with the third preferred embodiment of the present invention. 

[0045] FIG. 12 is a diagram showing the attenuation value-fi*equency characteristics relationships in the surface acoustic 

filter device of the third preferred embodiment f the present invention and that of the conventional example. 

[0046] FIG. 13 is a circuit diagram of a surface acoustic wave filter device in accordance with a fourth preferred embodi 

the present invention. 

[0047] FIG. 14 is a schematic sectional view of a surface acoustic wave filter device in accordance with the fourth prefei 
embodiment of the present invention. 

[0048] FIG. 15 is a plan view showing an electrode structure on the top surface of a base board in a package used in a su 
acoustic wave filter device in accordance with the fourth preferred embodiment of the present mvention. 
[0049] FIG. 16 is a plan view showing the electrode structure within the base board in the package used in the surface ac 
wave filter device in accordance with the fourth preferred embodiment of the present invention. 

[0050] FIG. 17 is a diagram showing the attenuation value-fi-equency characteristics relationships in the surface acoustic 
filter device of the fourth preferred embodiment and that of the conventional example. 

[0051] FIG. 18 is a circuit diagram showing an example of a surface acoustic wave filter device having a conventional h 
type circuit. 

[0052] FIG. 19 is a sectional view showing another example of a conventional surface acoustic wave filter device. 
DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 

[0053] Hereinafter, the surface acoustic wave filter device according to preferred embodiments of the present invention ^ 
described in detail with reference to the drawings. 

[0054] As shown in FIG. 1, the surface acoustic wave filter device 1 in accordance with a first preferred embodiment inc 
package 2, and a surface acoustic wave filter element 3 accommodated in a package 2. FIG. 1 only schematically shows 
appearance of the surface acoustic wave filter device 3 . 

[0055] The package 2 includes a base board 4 having a substantially rectangular plate shape, a substantially rectangular 1 
shaped side wall 5 bonded on the base board 4, and a substantially rectangular plate-shaped cap member 6 affixed to the 
wall 5 so as to close the upper opening thereof. Alternatively, the side wall 5 may have a ring-shaped structure such as a 
substantially annular shape. 

[0056] The base board 4 and the side wall 5 are preferably made of an insulative ceramic such as alumina or a synthetic ; 

other suitable material. The cap member 6 is also preferably made of an insulative ceramic material. Alternatively, the a 

member 6 may be made of a metal or other suitable having an electromagnetic shielding property. 

[0057] The base board 4 is defined by a multilayer substrate including substrates 4b and 4c. Between the substrate 4a an« 

substrate 4b, a ground electrode 50 defining a microstrip line which is described later is provided on substantially an enti 

surface of the substrate 4b. The substrates 4b and 4c are preferably made of insulative material and have a desired dielec 

constant. 

[0058] As shown in FIG. 2, the surface acoustic wave filter element 3 includes a substantially rectangular plate-shaped 
piezoelectric substrate 7. In this preferred embodiment, the piezoelectric substrate 7 is preferably made of a 36[deg.], Y~ 
X-propagation LiTa03 substrate. The piezoelectric substrate 7, however, may be made of another piezoelectric single cr 
a piezoelectric ceramic such as lead titanate zirconate-based ceramic. Alternatively, a piezoelectric substrate including a 
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piezoelectric thin film made of ZnO or other suitable material provided on a piezoelectric plate or an insulating substrate 
used. 

[0059] A metallic film is provided over the entire top surface 7a of the piezoelectric substrate 7, and then an electrode pz 
shown in the figure is formed from the metallic fihn by photolithography and etching, or other suitable process. A metal 
material for forming the electrode pattern is not particularly limited, but in this preferred embodiment, aluminum is used 
metallic material. The formation of an electrode may also be performed using the lithography and lift off method. 
[0060] The above-described electrode pattern will be described with reference to FIG. 2. 

[0061] On the top surface 7a of the piezoelectric substrate 7, in order to define a ladder circuit, series arm resonators 8 ai 
parallel arm resonators 10 to 12 each of which includes one terminal pair surface acoustic wave element are provided. Es 
the series arm resonators 8 and 9 and the parallel arm resonators 10 to 12 includes one IDT and reflectors disposed on oj 
sides of each the IDTs in the propagation direction of a surface acoustic wave. Referring to the series arm resonator 8 as 
representative example, the series arm resonator 8 includes an IDT 8a and a pair of reflectors 8b and 8c. 
[0062] Also, on the top surface 7a of the piezoelectric substrate 7, electrode lands 13 to 17 are provided. Each of the elec 
lands 13 to 17 defmes a portion for electrically connecting the surface acoustic wave filter element 3 to the outside, and i 
formed of a metallic film having a desired area. Here, the substantially circular portions of the electrode lands 13 to 17 d 
the portions to be bonded by bumps. 

[0063] Hie electrode land 13 defines the input end of the surface acoustic wave filter element 3, and is connected to one 
the first series arm resonator 8 via a conductive path 18. The conductive path 18 electrically connects the electrode land 
one end of the series arm resonator 8, and one end of the fu^t parallel arm resonator 10. An end of the parallel arm reson 
which is opposite to the end thereof connected to the conductive path 18 is connected to the electrode land 14 via a cond 
path 19. The electrode land 14 is connected to the ground potential. 

[0064] Also, an end of the series arm resonator 8 which is opposite to the end thereof connected to the conductive path 1 
connected to a conductive path 20. The conductive path 20 is connected to one end of the second series arm resonator 9 ; 
to one end of the second parallel arm resonator 1 1, An end of the second parallel arm resonator 1 1 which is opposite to f 
thereof connected to the conductive path 20 is connected to an electrode land 15. The electrode land 15 is connected to tl 
ground potential. 

[0065] A conductive path 21 is connected to the other end of the second series arm resonator 9. The conductive path 21 i 
connected to the electrode land 17 and one end of the thu-d parallel arm resonator 12. The electrode land 17 is used as an 
terminal. An end of the parallel arm resonator 12 which is opposite to the end thereof connected to the conductive path 2 
connected to an electrode land 16 via a conductive path 22. The electrode land 16 is connected to the ground potential. 
[0066] In the surface acoustic wave filter element 3, therefore, the above-described first and second series arm resonator 
9, and the fu-st to third parallel arm resonators are connected so as to define a ladder circuit shown in FIG. 4. Meanwhile 
inductances LI to L5 in FIG. 4 will be described later. 

[0067] FIG. 3 illustrates the electrode structure provided on the top surface of the base board 4 in the package 2 shown ii 

[0068] The surface acoustic wave filter element 3 is mounted on a portion indicated by a broken line X on the top surfac 
the base board 4. At this portion, the above-described surface acoustic wave filter element 3 is bonded by bumps such th 
top surface 7a of the piezoelectric substrate 7 is arranged face down. More specifically, the surface acoustic wave filter e 
3 shown in FIG. 2 is superimposed on the top surface 4a of the base board 4 shown in FIG. 3, such that the top surface 7 
piezoelectric substrate 7 is arranged face down, and the surface acoustic wave filter element 3 and the base board 4 are b 
by bumps, thereby fixing the surface acoustic wave filter element 3. 

[0069] On the top surface 4a of the base board 4, the electrodes shown in the figure are preferably formed by printing an 
electrode paste. The plurality of electrode pads 23 to 27 defme a die-attach portion. The electrode pads 23 to 27 are prov 
separately from one another. Among these, the electrode pad 23 is electrically connected to the electrode land 13 shown 
2 and mechanically bonded thereto via a bump 28. Likewise, the electrode pads 24 to 26 are connected to the electrode 1; 
to 16 shown in FIG. 2, respectively, via bumps 29, 30, and 31. Also, the electrode pad 27 is electrically connected to the 
electrode land 17 shown in FIG. 2 via a bump 32. 

[0070] Among the above-described electrode pads 23 to 27, the electrode pads 23 and 27 are each connected to an exten 
signal line, while the electrode pad 24 and 26 are each connected to an external ground line. 

[0071] External electrodes 41 to 44 are provided on the top surface of the base board 4. The external electrodes 41 to 44 
provided not only on the top surface 4a of the base board 4, but also to extend to the bottom surface and the side surface! 
thereof, at portions which are not shown in FIG. 1. Thus, each of the external electrodes 41 to 44 electrically connecting 
surface acoustic wave filter device 1 to the outside. 

[0072] The external electrode 44 is connected to the electrode pad 23 via a microstrip line 45. Likewise, the external elec 
41 is connected to the electrode pad 27 via a microstrip line 46. Also, the external electrode 42 is connected to the electr* 
24 via a microstrip line 47, and the external electrode 43 is connected to both electrode pads 25 and 26 via microstrip lin 
and 49, respectively. 

[0073] The external electrodes 42 and 43 are, therefore, each connected to an external ground line, while the external ele 
41 and 44 are each connected to a signal line. 

[0074] The above-described microstrip lines 45 to 49 are arranged opposite to the ground electrode 50 via the substrate ^ 
indicated by broken line in FIG. 3. Fine belt-shaped conductive patterns function as microstrip lines. In FIG. 3, although 
ground electrode 50 is provided on a substantially entire surface of the substrate 4b, ground electrode 50 may be provide 
portions opposite to the microstrip lines 45 to 49. The above-described microstrip lines 45 to 49 are located between the 
board 4 and the side wall. 

[0075] In this preferred embodiment, inductance components are defined by the above-described microstrip lines 45 to 4 
Specifically, an inductance LI shown in FIG. 4 is defined by the microstrip line 45, an inductance L2 is defined by the 
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microstrip line 46, and inductances L3 to L5 are defined by the microstrip lines 47 to 49, respectively. 
[0076] In other words, inductance components of the microstrip lines 47 to 49 are each connected between parallel arm 
resonators having a ladder circuit and the external electrodes each connected to the ground line. Likewise, inductance 
components of the microstrip lines 46 and 45 are each connected between series arm resonators and the external electrod 
and 44 each connected to the external signal line, respectively. 

[0077] In this preferred embodiment, in the surface acoustic wave filter device having a ladder type filter circuit includir 
series arm resonators 8 and 9 and three parallel arm resonators 10 to 12, inductance components are independently adde( 
the parallel arm resonators 10 to 12 by the above-described microstrip lines 47 to 49, respectively. This provides a greatl 
increased pass band width and a greatly increased attenuation value in the vicinity of pass band. This will be described b 
specific experimentation. 

[0078] The solid line in FIG. 6 shows the attenuation value-frequency characteristics relationship of the surface acoustic 
filter device in accordance with the fu-st preferred embodiment of the present invention, and the broken line shows that o 
surface acoustic wave filter device prepared for comparison. 

[0079] The conventional surface acoustic wave filter device, the results of which are shown in FIG. 6 by the broken line. 

same as that of the above-described preferred embodiment except that the electrode configuration on the top surface of tl 

board of the package has been provided as shown in FIG. 5. That is, electrode pads 105 to 107 are provided on the top si 

104a of a base board 104. External electrodes 1 1 1 to 1 14 are provided at the four comers. The external electrodes 1 1 1 to 

arranged so as to extend from the top surface to the bottom surface via the side surfaces thereof These external electrode 

correspond to the portions which are electrically connected to the outside. The external electrodes 1 12 and 1 13 are electr 

connected to the electrode pads 105 and 106 via wide conductive paths 108 and 109, respectively. 

[0080] Since groimd electrodes are not provided on portions of the base board 104 which are opposite to the conductive 

108 and 109, the conductive paths 108 and 109 do not function as microstrip lines. An electrode pad 107 havmg a large ; 

directly connected to external electrodes 1 1 1 and 1 14. The electrode pad 107 is bonded via bumps to the electrode lands 

of the surface acoustic wave filter element 3 which are connected to the ground line, and the electrode pads 105 and 106 

portions that are connected to the respective electrode lands 13 and 17 each connected to a signal terminal. 

[0081] Therefore, in the conventional surface acoustic wave filter device prepared for comparison, there are no microstri 

independently provided between the parallel arm resonators 10 to 12 and the external electrodes 1 1 1 and 1 14 each conne 

a ground line, therefore, inductance components defined by microstrip lines are not provided therebetween. 

[0082] Likewise, there are no microstrip lines connected between the series arm resonators 8 and 9 and the external eleci 

1 12 and 113, respectively, on the package side, therefore, inductance components by microstrip lines are not provided 

therebetween. 

[0083] The specifications of the surface acoustic wave filter element 3 used in the above-described preferred embodimei 
the conventional example are as follows: 
[0084] The series arm resonators 8 and 9: 

[0085] interdigital widdi of electrode fmgers=17 [mu]m, number of pairs of electrodes in an IDT=100, number of electr( 
fingers in a reflector=100, and electrode finger pitch=0.99 [mujm (wavelength of siuface acoustic wave [lambda]=1.99 [ 
[0086] The first and third parallel arm resonators 10 and 12: 

[0087] mterdigital width of electrode finger=50 [mu]m, number of pairs of electrodes in an IDT=40, number of electrode 
in a reflector=100, and electrode finger pitch=1.04 [mu]m (wavelength of surface acoustic wave [lambda]=2.07 [mu]m). 
[0088] The second parallel arm resonators 1 1 : 

[0089] interdigital width of electrode finger=52 [mu]m, number of pah^ of electrodes in an IDT=90, number of electrodi 

in a reflector=100, and electrode finger pitch=L04 [mu]m (wavelength of surface acoustic wave [lambda]=2.08 [mu]m). 

[0090] In the present preferred embodiment, the inductance components by the microstrip lines 45 to 49 disposed on the 

board 4, are as follows: 

[009 1 ] Microstrip lines 45 and 46 . . . 0.8 nH 

[0092] Microstrip lines 47 and 49 . . . 0.8 nH 

[0093] Microstrip line 48 ... 0.5 nH 

[0094] As shown in FIG. 6, the width of the pass band corresponding to an attenuation value of 4 dB, is 86 MHz for this 
preferred embodiment, in contrast to 78 MHz for the conventional example, that is, this preferred embodiment exhibits a 
pass band width than the conventional example. The attenuation pole in the vicinity of the pass band, in this preferred 
embodiment, is located at substantially the same frequency as that in the conventional example. This is because commor 
inductance component is provided since the electrode pads of the die-attach portion connected to the ground potential ar< 
separated from one another, in other words, since inductance components are independently added to the first to third pa 
arm resonators 10 to 12 by the above-described microstrip lines 47 to 49. 

[0095] Furthermore, since the microstrip lines 45 to 49 for providing the above-described inductance components are lo< 
between the base board and the side wall, minimal electromagnetic coupling between each of the microstrip lines 45 to 4 
the surface acoustic wave filter element 3 occurs, such that superior filter characteristics are achieved. In addition, since 
above-described microstrip lines 45 to 49 are not provided in the die-attach portion, these microstrip lines do not impose 
limitations on the location and the nimiber of bumps. This allows the surface acoustic wave filter element 3 to be bonded 
base board 4 with greatly increased bonding strength. 

[0096] Changing the dielectric constant of the substrate 4b on which the microstrip lines are provided and the distance 
the microstrip lines and the ground electrode 50 makes it possible to design the inductance component per unit length of 
microstrip line. Therefore, the inductance component necessary to improve the characteristics of surface acoustic wave f 
designed and included in the surface acoustic wave filter via the inductance component of microstrip line. Further, since 
microstrip line is resistant to outside influences, the inductance component of the microstrip line does not substantially c 
even if the surface acoustic wave filter element is attached to the base board by face down process. TTierefore a desired 
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inductance component is added to the surface acoustic wave filter. 

[0097] FIG. 7 is a diagram showing the circuit configuration of a surface acoustic wave filter device in accordance with 
preferred embodiment of the present invention. 

[0098] In this preferred embodiment, a surface acoustic wave filter element 3 similar to that in accordance with the first 
preferred embodiment, is provided. As shown in FIG. 7, two series arm resonators 8 and 9, and three parallel arm resona 
to 12 are connected to one another so as to have a ladder circuit configuration. 

[0099] As seen from FIG. 7, however, in this preferred embodiment, the ends of the three parallel arm resonators 10 to 1 
connected to the ground potential are commonly connected, and inductances L6 and L7 are connected between this comi 
connected portion and the external electrodes which are each connected to an external ground line. Here, the ends of the 
parallel arm resonators 10 to 12 connected to the ground potential, that is, the ground terminals are commonly connected 
piezoelectric substrate. 

[0100] Each of the above-described inductances L6 and L7 is defined by a microstrip line provided in the package. 
[0101] FIG. 8 is a plan view showing the electrode structure on the top surface of the base board 54 in the package used 
second preferred embodiment of the present invention. 

[0102] The second preferred embodiment is preferably constructed in the same manner as the first preferred embodimen 
that the electrode structure on the top surface of the base board 54 of the second preferred embodiment differs from that 
first preferred embodiment. Hence, regarding the structure of the surface acoustic wave filter element 3 and other structu 
the package 2, the description of the first preferred embodiment will be referred to. 

[0103] In this preferred embodiment, the surface acoustic wave filter element 3 is bonded via bumps via the face down p 
such that the top surface 4a (see FIG. 2) of the piezoelectric substrate 4 is arranged face down on the area surrounded by 
line X on the top surface of tihe base board 54. 

[0104] A die-attach portion including electrode pads 55 to 57 is provided on the top surface 54a of the base board 54. Tb 
electrode pads 55 and 56 are bonded to the electrode lands 13 and 17 shown m FIG. 2 via bumps 55a and 56a, respectiv€ 
electrode pad 57 is bonded to the electrode lands 14, 15, and 16 connected to the ground potentials shown in FIG 2 via 
57ato57d. 

[0105] As in the first preferred embodiment, external electrodes 61 to 64 are provided at the comer portions of the base I 
54. The external electrodes 61 to 64 are provided not only on the top surface 54a of the base board 54, but also so as to e 
the bottom surface via the side siufaces thereof. The above-described electrode pads 55 and 56 are connected to the exte: 
electrodes 64 and 61 via microstrip lines 65 and 66, respectively. The electrode pad 57 is connected to the external elecd 
and 63 via the respective microstrip lines 67 and 68. 

[0106] That is, the terminals of the three parallel arm resonators connected to the ground potential via the electrode pad : 
die-attach portion of the package 2 are commonly connected, and the electrode pad 57 is connected to different external 
electrodes 62 and 63 via the respective microstrip lines 67 and 68. 

[0107] The electrode lands 13 and 17 defining input/output signal terminals and the electrode lands 14 to 16 defining grc 

terminals on the piezoelectric substrate 4, are arranged so as to be rotated by approximately 90[deg.] with respect to the i 

Ime passing the approximate center of the piezoelectric substrate 4, with respect to the external electrodes 61 and 64 eacl 

connected to the signal line and the external electrodes 62 and 63 each connected to the ground Ime outside the package. 

[0108] Similar to the first preferred embodiment, the microstrip lines 65, 66, 67 and 68 are opposite to the ground electrc 

Other elements of the second preferred embodiment are the same as those of the first preferred embodiment. 

[0109] The attenuation value-frequency characteristics relationship of the surface acoustic wave filter device in accordar 

the second preferred embodiment is indicated by a solid line in FIG. 9. For comparison, the attenuation value-frequency 

characteristics relationship of the surface acoustic wave filter device in accordance with a conventional example prepare* 

similar to the comparative example used in the first preferred embodiment, is indicated by a broken line. 

[01 10] In the second preferred embodiment, each of the inductance components provided by the microstrip lines 65 and 

about 0.8 nH, and each of the inductance components added by the microstrip lines 67 and 68 is about 0.3 nH. 

[0111] Actually, however, a conunon inductance of about 0.1 nH is inserted, since the microstrip lines 67 and 68 connec 

the external electrodes 62 and 63, that are each connected to an external ground line, are connected in parallel with the e: 

ground lines. 

[01 12] As shown in FIG. 9, in this preferred embodiment, since inductance components are provided in the package 2 vi 
above-described microstrip lines 65 to 68, the attenuation value ui the vicinity of the pass band is greatly increased. The 
the pass band corresponding to an attenuation value of about 4 dB, is about 80 MHz for this preferred embodiment, in cc 
to 78 MHz for the conventional example, that is, the pass band width is simultaneously increased in this preferred embo( 
[01 13] In this preferred embodiment also, since microstrip lines for adding inductances are provided between the base be 
and the annular side wall 5, the electromagnetic coupling with the surface acoustic wave filter element is greatly reducec 
thereby providing greatly improved filter characteristics. Furthermore, as in the case of the first preferred embodiment, ij 
preferred embodiment, since no microstrip lines are provided in the die-attach portion, there are no limitations on the po! 
and the number of bumps. This enables the surface acoustic wave filter element 3 to be securely bonded to the base boar 
[01 14] FIG. 10 is a diagram showing the circuit configuration of a surface acoustic wave filter device in accordance with 
preferred embodiment of the present invention. In the third preferred embodiment, the surface acoustic wave filter eleme 
constructed in a similar manner as the first preferred embodiment, and two series arm resonators 8 and 9 and three parall 
resonators 10 to 12 are connected to one another so as to define a ladder circuit. 

[01 15] In this preferred embodiment, the side wall and the cap member of the package 2 are constructed in a similar mar 
those of the first preferred embodiment. The difference between the third and first preferred embodiments is in the electr 
structure provided on the base board 74, as shown in FIG. 11. Hence, regarding elements other than the electrode structu 
the base board 74, descriptions thereof will be described with reference to the description of the first preferred embodim« 
[0116] On the top surface 74a of the base board 74, a plurality of electrode pads 75, 76, 77, and 78 are provided, and a d 
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portion is defined by the plurality of electrode pads 75 to 78. The portion indicated by a circle or circles inside each of th 
electrode pads 75 to 78 define the locations of the bumps when the surface acoustic wave filter element 3 is bonded via t 
down mounting process. 

[0117] External electrodes 81 to 84 are provided at the comers of the base board 74, in a similar manner to the first prefe 
embodiment. The external electrodes. 81 and 84 are each connected to a signal line, and are connected to the electrode pa 
and 75 via raicrostrip lines 86 and 85. The electrode pads 77 and 78 are connected to the external electrode 82 and 83 wl 
each connected to a ground line, via microstrip lines 87 and 88. 

[0118] Also, the electrode pad 75 is connected to the electrode lands 13 shown in FIG. 2 via a bump 75a, and the electro 
76 is connected to the electrode land 17 shown in FIG. 2 via a bump 76a. The electrode pad 77 is connected to the electr< 
lands 14 (FIG. 2) via bumps 77a and 77b, and the electrode pad 78 is connected to the electrode lands 15 and 16 (see FI( 
bumps 78a and 78b. Herein, ground terminals of at least two parallel arm resonators may be connected to one electrode 1 
other words, electrode lands connected to the ground potential, for example, the electrode lands 15 and 16 are defined b) 
common land. 

[0119] As shown in FIG. 10, therefore, the first parallel arm resonator 10 and the second and third resonators 1 1 and 12 ; 
separated from each other in the die-attach portion. An inductance L7 defined by the microstrip line 87 is provided betw« 
first parallel arm resonator 10 and the external electrode 82 connected to an external ground line, and an inductance L8 c 
by the microstrip line 88 is provided between the second and third parallel arm resonators 1 1 and 12 and the extemal ele 
83 that is connected to a ground line. 

[0120] The attenuation value-frequency characteristics relationship of the surface acoustic wave filter device in accordar 
the third preferred embodiment is shown in FIG. 12 using a solid line. For comparison, the attenuation value-frequency 
characteristics relationship of the surface acoustic wave filter device in accordance with the conventional example prepa 
comparison similar to the first preferred embodiment, is shown in FIG. 12 using a broken line. 

[0121] In this case, each of the mductance components by the microstrip lines 85 and 86 was about 0.8 nH, and each oft 
inductance components defined by the microstrip lines 87 and 88 was about 0.3 nH. Other elements of this preferred 
embodiment are similar to those of the first preferred embodiment. 

[0122] As shown in FIG, 12, in this preferred embodiment, the attenuation value in the vicinity of the pass band is signif 
increased over the conventional example, since inductance components are provided in the package 2 by the above-desci 
microstrip lines 85 to 88. The width of the pass band corresponding to an attenuation value of about 4 dB, is about 85 M 
this preferred embodiment, in contrast to 78 MHz for the conventional example, that is, the width of the pass band is gre 
increased in this preferred embodiment. 

[0123] As compared with the frequency characteristics (FIG. 9) of the second preferred embodiment, in this preferred 
embodiment, the frequency at the attenuation pole fr in the vicinity of the pass band is increased. Therefore, when an inc 
the attenuation value in the frequency range nearer to the pass band is required, the surface acoustic wave filter device in 
accordance with the third preferred embodiment is more advantageous than that in accordance with the second preferred 
embodiment. 

[0124] FIG. 13 is a diagram showing the circuit configuration of a surface acoustic wave filter device in accordance with 
fourth preferred embodiment of the present invention. In the fourth preferred embodiment, the same surface acoustic wa 
element 3 in accordance with the first preferred embodiment is used, and first and second series arm resonators 8 and 9 a 
parallel arm resonators 10 to 12 are connected to one another so as to define a ladder circuit. 

[0125] As shown in FIG. 14, a package 2 includes a base board 94 defining a first case member. Also, a second case mei 
including a side wall 95 and a cap 96, is constructed as in the same manner as that in the first preferred embodiment. 
[0126] In this preferred embodiment, the base board 94 is constructed by a laminated ceramic board including substrates 
94c and 94d, and within the base board 94, microstrip lines for adding inductances as described later are provided. 
[0127] FIG. 15 is a plan view showing a top surface of the base board 94 and a top smface of the substrate 94b, and FIG 
plan view showing a top surface of the substrate 94c where microstrip lines are provided. 

[0128] As shown in FIG. 15, electrode pads 55 to 57 are provided on the top surface of the base board 94, in a similar m; 
the base board in the second preferred embodiment shown in FIG. 8. In this preferred embodiment, however, no extemal 
electrode and microstrip line are provided on the top surface of the base board 94, and instead, are provided inside the be 
substrate 94. Through hole electrodes 95a to 95d penetrating through the substrate 94b and extending to the bottom surfr 
thereof are provided at locations of the electrode pads 55 to 57. As shown in FIG. 16 the lower ends of the through hole 
electrodes 95a to 95d are connected to one-side end of the microstrip lines 97a to 97d provided on the upper surface of tl 
substrate 94c, respectively. The other ends of the microstrip lines 97a to 97d are connected to the extemal electrodes 98a 
on the upper surface of the substrate 94c, respectively. The extemal electrodes 98a to 98d are arranged so as to extend fr* 
comer portions to the bottom surface of the base board 94 to the side surfaces of the substrates 94c and 94d (see FIG. 14 
Further, as indicated by broken line m FIG. 16, the ground electrode 50 for microstrip lines 97a to 97d is arranged to co^ 
substantially entire bottom surface of the substrate 94c. 

[0129] More specifically, in this preferred embodiment, the microstrip lines 97a to 97d are embedded in the base board S 
via these microstrip lines 97a to 97d, as shown in FIG. 13, inductance components L9 and L 10 are defined between the { 
where the first to third parallel arm resonators are conmionly connected, and the extemal electrodes each connected to ai 
extemal ground line, while inductance components LI and L2 are defined between the series arm resonators 8 and 9 and 
extemal electrodes each connected to an extemal signal line. 

[0 1 30] In this manner, the microstrip lines for adding inductances can be provided at any location within the package. 
[0131] The solid line in FIG. 17 shows the attenuation value-frequency characteristics relationship of the surface acousti 
filter device in accordance with the fourth preferred embodiment, and the broken line shows the attenuation value-frequc 
characteristics relationship of the surface acoustic wave filter device in accordance with the conventional example prepa 
comparison. Here, in the surface acoustic wave filter device in accordance with the fourth preferred embodiment, the ind 
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component defined by a microstrip line included for each of the series arm resonators was about LO nH, and the inductai 
components L9 and LIO each connected between the parallel arm resonator and the ground line was about 1.0 nH. 
[0132] As shown in FIG. 17, in this preferred embodiment, microstrip lines for adding inductance components greatly in 
the attenuation value in the vicinity of the pass band. In particular, the improvement in the attenuation value on the lowe: 
frequency side is significant. This is because the frequency fr of the attenuation pole is reduced because the value of the 
inductances L8 and L9 connected in parallel with each other are increased. 

[0133] In the fourth preferred embodiment, since the microstrip lines are embedded in the base board, that is, since the 
microstrip lines are provided as internal electrodes, each of the microstrip lines is lengthened, thereby providing an incre 
inductance value. In order to obtain an even larger inductance value, it is preferable to lengthen a microstrip line by prov 
plurality of layers of microstrip lines, and electrically connecting the plurality of microstrip lines with one another via a i 
hole electrode or a via hole electrode. 

[0134] As described above, in the surface acoustic wave filter device in accordance with preferred embodiments of the p 
invention, since inductance components defmed by microstrip lines are each connected to any of the series arm resonato: 
parallel arm resonators defining a ladder circuit, and the microstrip lines are arranged in the package, the attenuation vali 
vicinity of the pass band is greatly increased and wide-band filter characteristics are achieved. 

[0135] Changing the dielectric constant of the substrate on which the microstrip lines are provided, and the distance betv 
microstrip lines and the ground electrode makes it possible to design the inductance component per unit length of the mi 
line. Therefore, inductance components necessary to improve the characteristics of surface acoustic wave filter are easilj 
designed and provided in the surface acoustic wave filter via the microstrip line. Further, since the microstrip line is resi? 
the influence from outside, the inductance component of the microstrip line is not substantially changes even when the si 
acoustic wave filter clement is attached to the base board via the face down mounting process. Therefore, a desfred indu« 
component is added to the surface acoustic wave filter. 

[0136] When the package includes a die-attach portion having a plurality of electrode pads each of which is connected tc 
one of the signal terminals and any one of the ground terminals of the surface acoustic wave filter element via bumps, ar 
plurality of external electrodes each of which is electrically connected to any one of the electrode pads, and each of whic 
connected to a signal line or a ground line outside the surface acoustic wave filter device, the surface acoustic wave filtei 
element is securely connected and mechanically bonded to the plurality of electrode pads using bumps via face down mc 
process. The present invention, therefore, provides a wide-band filter device having a greatly increased attenuation value 
the pass band. 

[0137] AVhen each of the microstrip Imes is connected between the electrode pad connected to the signal terminal of the 
arm resonator and the external electrode connected to the signal line outside the surface acoustic wave filter device, sinc< 
of the microstrip lines is connected between the series arm resonator and the signal line, the reflection loss is greatly redi 
the width of the pass band is greatly increased. 

[0138] When each of the above-described microstrip lines is provided between the electrode pad which is connected to t 
ground terminal of at least one parallel arm resonator via the bumps, and the external electrode which is connected to the 
Ime outside the package, the increase in attenuation value in the vicinity of the pass band and wide-band filter characteri; 
achieved. 

[0139] When the surface acoustic wave filter device includes at least two parallel arm resonators, wherein the ground ter 
of all the parallel arm resonators are commonly connected, on the piezoelectric substrate, wherein each of the microstrip 
connected between the portion where the ground terminals of the parallel arm resonators are commonly connected, and c 
the external electrodes provided in the package, the attenuation value can be increased at lower frequency range. 
[0140] Likewise, when the package-side electrode pads connected to the ground termmals of all the parallel arm resonati 
defined by a common electrode pad, and each of the microstrip lines is provided on the path between the common electr* 
and each of the external electrodes, the attenuation value is increased at lower frequency range, as well. In addition, defu 
electrode pads as a common pad on the package side facilitates the wiring of chips. 

[0141] When the surface acoustic wave filter includes at least three parallel arm resonators, wherein microstrip lines are 
provided on the path between the electrode lands to which the ground terminals of at least two parallel arm resonators ar 
connected, and the external electrodes to which these electrode lands are connected, and wherein the parallel arm resona 
other than the above-described at least two parallel arm resonators are, on the piezoelectric substrate, electrically isolatec 
the above-described at least two parallel arm resonators, the width of the pass band is further increased while simultaneo 
increasing the attenuation value in the vicinity of the pass band. 

[0142] When the surface acoustic wave filter device includes at least three parallel arm resonators, and a common electr* 
connected to the groimd terminals of at least two parallel arm resonators among the parallel arm resonators, wherein eacl 
microstrip lines is provided on the path between the conmion electrode pad and the external electrodes to which the com 
electrode pad is connected, and wherein the other parallel arm resonators are electrically isolated from the above-describ 
least two parallel arm resonators, at a die-attach portion including a plurality of electrode pads, the attenuation value in tl 
vicinity of the pass band is further increased, and wideband filter characteristics are achieved. 

[0143] When the microstrip lines are disposed, in the package, at the positions other than the position of the die-attach pi 
the electromagnetic interference with the surface acoustic wave filter element, and consequently, the deterioration of filti 
characteristics is prevented. 

[0144] When the package includes a base board, an annular side wall provided on the base board, and a cap member affi 
the annual side wall so as to close the upper end thereof, wherein the main portion of each of the microstrip lines is disp( 
between the side wall and the base board, no extra space is required, such that filter characteristics are greatly unproved 
increasing the size of the package. 

[0145] When the package includes the first case member on which the surface acoustic wave filter element is mounted, z 
second case member enclosing the sur&ce acoustic wave filter element mounted on the first case member, wherein the n 
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portion of each of the microstrip lines is provided inside the first case member, lai^e inductance components can be pro\ 
resulting in significantly improved filter characteristics. 

[0146] When the signal terminals at the input/output ends of the surface acoustic wave filter element and at least one gro 
terminal thereof are arranged so as to be rotated by 90[deg.] around the imaginary line which passes the approximate cer 
the piezoelectric substrate of the surface acoustic wave filter element, and which is substantially perpendicular to the 
piezoelectric substrate, with respect to the external electrodes connected to the input/output end signal lines and at least ( 
external electrode connected to the ground potential among the plurality of external electrodes, increased inductance 
components can be provided without providing bending portions, when forming microstrip lines between the side wall a 
base board. 

[0147] The surface acoustic wave filter device according to preferred embodiments of the present invention can be provi 
various communication apparatuses and signal processing devices, in particular, small commimication apparatuses such 
portable phone. 

[0148] While preferred embodiments of the invention have been described above, it is to be understood that variations ai 
modifications will be apparent to those skilled in the art without departing the scope and spirit of the invention. The scop 
invention, therefore, is to be determined solely by the following claims. 



Data supplied fi*om the esp@cenet database - Worldwide 
Claims of corresponding document: US2003058066 



1. A surface acoustic wave filter device, comprising: 

a surface acoustic wave filter element including a piezoelectric substrate and a plurality of one terminal pair surface acoi 
wave elements provided on said piezoelectric substrate, said plurality of one terminal pair surface acoustic wave elemeni 
connected so as to define a parallel arm resonator and a series arm resonator in a ladder circuit; and 
a package accommodating said surface acoustic wave filter element; 

said surface acoustic wave filter element being bonded via a plurality of bumps by means of the face down process and 1: 
accommodated in said package; and 

an inductance component of a microstrip line which is provided in said package and connected to at least one of said ser 
resonator and said parallel arm resonator. 

2. A surface acoustic wave filter device in accordance with claim 1, wherein said package includes a die-attach portion ii 
a plurality of electrode pads which are connected via said bumps to one of a signal terminal and a ground terminal of the 
acoustic wave filter element; and a plurality of external electrodes which are electrically connected to at least one of said 
electrode pads, and connected to one of a signal line and a ground line outside tiie surface acoustic wave filter device. 

3. A surface acoustic wave filter device in accordance with claim 2, wherein said microstrip line is connected between si 
electrode pad connected to the signal terminal of said series arm resonator and said external electrode connected to the si 
line outside said surface acoustic wave filter device. 

4. A surface acoustic wave filter device in accordance with claim 2 or 3, wherein said microstrip line is provided betwee 
electrode pad which is connected to the ground terminal of at least one parallel arm resonator via said bump, and said ex 
electrode which is connected to the ground line outside the package. 

5. A surface acoustic wave filter device in accordance with claim 2, comprising at least two said parallel arm resonators, 
wherein the ground terminals of all said parallel arm resonators are commonly connected on said piezoelectric substrate; 
said microstrip line is connected between the portion where the ground terminals of said parallel arm resonators are com 
connected, and the external electrode provided in said package. 

6. A surface acoustic wave filter device in accordance with claim 2, comprising at least two said parallel arm resonators, 
wherein said package-side electrode pads connected to the ground terminals of all said parallel arm resonators are made 
common electrode pad; and 

said microstrip line is provided on the path between said conmion electrode pad and said external electrode. 

7. A surface acoustic wave filter device in accordance with claim 2, comprising: 
at least three said parallel arm resonators; and 

an electrode land which is provided on said piezoelectric substrate, and to which the ground terminals of at least two par. 
arm resonators are connected, 

wherein said microstrip line is provided on the path between said electrode land connected to the ground terminals of at \ 
two parallel arm resonators and said external electrode to which said electrode land is connected; and 
the parallel arm resonator other than said at least two parallel arm resonators is electrically isolated fi-om said at least tw( 
parallel arm resonators on the piezoelectric substrate, emd is electrically connected to the external electrode other than th« 
package-side external electrode connected to said at least two parallel arm resonators. 

8. A surface acoustic wave filter device in accordance with claim 2, comprising at least three said parallel arm resonaton 
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wherein said plurality of electrode pads include a common electrode pad connected to the ground terminals of at least tw 
parallel arm resonators among said parallel arm resonators, and wherein said microstrip line is provided on the path betM 
common electrode pad and the external electrode to which said conmion electrode pad is connected; and 
the parallel arm resonator other than said at least two parallel arm resonators is electrically isolated from said at least twc 
parallel arm resonators, at a die-attach portion including said plurality of electrode pads, and is electrically connected to 
external electrode other than the package-side external electrode connected to said at least two parallel arm resonators. 

9. A surface acoustic wave filter device in accordance with any one of claims 1 to 8, wherein said microstrip Ime is dispc 
the package at the position other than the position of said die-attach portion. 

10. A surface acoustic wave filter device in accordance with any one of claims 1 to 9, wherein said package includes a b 
board on which said surface acoustic wave filter element is mounted; an annular side wall provided on said base board; < 
cap member attached to said annual side wall so as to close the upper end thereof, 

wherein a main portion of said microstrip line is disposed between said side wall and said base board. 

11. A surface acoustic wave filter device in accordance with any one of claims 1 to 9, wherein said package includes a fi 
member on which said surface acoustic wave filter element is mounted; and a second case member enclosing the surface 
acoustic wave filter element mounted on the first case member, 

wherein a main portion of said microstrip line is provided inside said first case member. 

12. A surface acoustic wave filter device in accordance with any one of claims 1 to 1 1, wherein the signal terminal at the 
input/output end of said surface acoustic wave filter element and at least one ground terminal thereof are arranged so as i 
rotated by 90[deg.] about the imaginary line which passes the center of the piezoelectric substrate of said surface acousti 
filter element, and which is perpendicular to the piezoelectric substrate, with respect to the external electrode connected 
signal line at the input/output end and the external electrode connected to at least one ground potential among said plural 
external electrodes. 

13. A communication device comprising a sur&ce acoustic wave filter device in accordance with any one of claims 1 to 
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■c. Buiaii>jfe < i 2 <i©dfe?ijif5*jg-?-i mmjic^m 
^ n-cte 9 . Buieii>jfe < t 2 <i©^s^M^^t&f (cgigi 
3nri,i.2»'^- 2- ->--y<ij©ii-gpsffli(ii-®ii-g|JSgccm 
«W{c«i^ $ nri* S . 2 «cK«©5!iii4^lf?!S7 

9 ] iria-7 4' p X h >; 7*5 ^ 

■ci,^ €. > ii«3S 1 8 ©t»-rn*>{c^tt©?*tt«M?fi[7 

mim 1 0 ] wria/< v -jr- Boias^tt^sis^ 

-^JU^^^Ai^lE^nS-i-XSffii, ^--^-XSSi 

MfB-=7-f nx F y >©^a*J. ItrSfflSSi 

B!ria-i-xtt«<i:©S(ciBg3n-ct,^.2>> i9«:«i~9 
©t,^-rtX3!)iK:iB«8©5ftt^®je7 

^IS2©^-Xl!t<i:4m. 

fnBH 1 ©er-xii*©i*?8U«:wriBv^ irax h y r^'-? 
■Y>©*^g|i*5^wp.nt:c>s. i«*]Bi~9©i,»-rn 

SS©fi-^^T-<!:iJ>^c< it) 1-:>©T-X^^ij!)i. MIB 

ai^©ji-geM«B©^ ^AW;^^©<t^7^ >fcsM$n 



3 

1 3 ] m^m 1 ~ 1 2 ©c^-rn*i«:is«©s* 

[0 00 1] 
[0002] 

t^-S (m«#P3¥5 - 1 8 3 3 8 0-^ia«^) , 
[0 00 3] C:©a(D-'^'> ^•>'^•X7-f ;u^-c«. it^Jit 

[0004] !|$li^5 - 1 8 3 3 60^^mcVt^ ±iE 
iiJiJSiJtjl^* fc«M^M^T-Cc > 5!' ^^ > 

[0 005] Sfc. 1 0-93 38 2^^fS{C 

*i^jKS*T,t:t,^So 018W> c©5fetf8^'#K:iBtS®?» 30 

«ffiig7 ^ ^udisigs 0 1 msi\mm=f-s i . s 
2 tmm^Wi'T-p 1 ~p 3 <bA5^-?^sipiK*itfiS^-r 

~P3<!:T-;^m{4i©K{C. >:S<'i':Jf>;:^L*s}fA 

[0006] -f>^i'5'^>XL©f#nK:j;0. 
RO'aja^J^«^{C*$t:t^jg»a©Sfc;*c?rS-S C i*i-C 
tSiSnrv**. fi:». «fB3¥4-65 9 09-^#B 

ffc-rS{c|®L'-r«> ^'?^'-^-i;©mffii5|ifS«H?S7 ^ 

rt,»/c. cnK>ffor. c(D5fe^fe^{ciBi^©?itt«ffi 
iccjro/iN^fb^isenri^s. 01 9«, c<dv:^^ 

[0007] J*14^Sig7 H ;Uiii|g6 0 1 -c«. -y 50 
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ir-i^e 0 2F«3(C5i14a®?^7 0 3*sjRlft 

Stirt^S. '^'•y^^-S^6 0 2W. ^-;3^S«6 0 2 
a. fflMe 0 2 bSC^+i- v^'e 0 2 c?:wr.s. 
[0008] --c-y^Sffie 0 2 a±{C», 5»tt«Sife7 

-f ^U3»ig^6 0 3 {cs$ia«j{cS!iKsn5ig»©a®^N- 

F*W-r-5>^-rT5» •;'5^gP6 0 2 dJ&sj^^Stirt^S. 
5»tt^M?S^7 >iU5fSg^=-6 0 3 ». limiS«6 0 3a* 
WL/. mmW&Q 0 3 a©T®CC5*tt*®jS^^^?r« 

fiWSft:*©sffi«*sjB^sn-cc»s. -eur. £Em« 
ffie 0 3 a©Tffi^cJ^fiK^tlr^>-s®g*5-'^'>7'6 0 4 
5''-rTi?^»9=-gP6 02 d4'©mS''<5' Kfcmm 
WK:g^3<iSi^t{c. ^>'<>y6 0 4«:J:0, 
®ig7^;l'3f»^6 0 335Ji^-rT^r5r^SB6 0 2 d{C« 

[0 009] C©J;-5^c7*-r;;^^"?>xft. T^Cto^ 

mmmmt)^ 6-'^•>■?•604K:cfcfD 14^®??^:? -f ;u ^ 

[00 10] 

1 8 3 3 8 0-^^^^#Pa:sp 1 0 -933 8 2#^{C 

4r^^<t>'^••>'5— S;?©Sffi<i:«r^i^-r2>ti^{C». 

[0011] L*>L^C3&i6. HiraL/fc:7*-f;^d*''t7>X 
a6 0 1-C«. *>f'^>d^V'fi'*WUJQ:«/>©-C. 

©<fc ^ ftf lliIU^-c»:^*JS -Y 3? >;3;%^^ c 

[0 0 12] iifor. #gi^4 - 6 5 9 0 9 ^<&«{CiB 
*S©?i14^®ig-7 jU3?^a-c«. -<>3'i'3?>x©'f^ 

[0013] itcte. ^mW-A - 6 5 9 0 9#i2j«K:». 

< Aai:^)©'^ > e- S c i S <t 
iBiKsnri^s. c©iBtt». 5»tt«ffij«?7 ^^u^ii-r 
AW:*7-<>fcr-3''>>^©-5'y5='>3'40e>^ct^n«*e> 

^el>«Jt©5»i4a®jK:7 {CMT 4 fe©t?* S. fif 



5 

X . T^mmK. 5 0 Q (cg^-r thj: i»»^m[iss« 

[0014] Sfc. «FgS¥4 - 6 5 9 0 9#^-C». 
coo 1 5] ^^Zyy'-il^ifKf^-^^m^.^fcmmv^kin 

[0016] :$i^m<Dmmit. ±^Ltcm^m^i<DX.-^. 

[0017] 

J: «3 ^3 tiS * ;^ ^^■i;>X^-rfna-'>' 

[0018] *lie§©*'51tS<D»®-C». H^nB/^• 'J T 

RCXT- x»?-«:>'-c > r^K J: 0 ^^,^1tl^©S@-'^* 
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©j^a5met*m-5. 

[0019] 3|s^©J:r)IS^fl«J%^ffl-CW. «irfEv-f 

a X n; 5. >*i. B^fi^il:J^>J|gi^ft^g^^©^i■^^^ 

[0020] *%i§©fte©i®^8g«c^®-c», Buiav-f 
n F 'J 5. 7*^ >*s. < <b ^ 1 -:>©B«ia^JBS 
*ti^T-;^4g^-K:/-<> :/cc J: 0 «SS Sffira 

[002 1 ] 2|E^©ffls©ii$5E©»iH-C», ii>!5c < i 

2 <i©Btrfaafe?rjMitjg^;fc{f , ^^©M^jssittg^© 
T-;^«3^^*smiaEM1±»«±-c«a^sn■c*^9 . 
Bafaa^JK#^^©T-;:^«&T*s^ta^§ ti-c !,> isp 
^i, H^rfa.'^••;''>•-i>©^^g|5«si©racc. iirfav-^4' 

[0022] *»?g©3 6«:«lJ©^S©^ffi-C«. 
< t *> 2 ffli©B5ia3£5»JBi[^«g^*«^. ^^©^feyiJK* 

w^oT - x^^^{cg^^ 3 n s - y fflij©itriamffi 

-'^"^ Fi> mm9i^Slimmt<D!Si(Oiimv:.ms&'7A i'u:;f. 

[0 023] *j%M©3 6Ccftb©SgS6«jfj:^®{c J;n 
«. i!>ft< <tfc3ffl«±©lr^a£^JM*«^^*<i^. mi 

iaEStt««Lh«cff5^3ti-c*ji3. d>f3:< ti>zm(Dm 
m^im^<Dr-:^^j-*mmstii>^'5>> f 3 e 
B«teii@^ > F i V BiriBfWi^> F*^iK3n 

■5ii-SlJSSi©M©S88{CB?ia-=?'f cix F ^ ^7 

>*5S:ct 6 nr *s 0 . m^'J>fj: < i 2 <1©M^J»6*© 
^«i1-©i^Jlgii^^*3. JEma«±K:*jc»-c. Mfa 

ii>Aj: <<!:«> 2 ffl©»JBi^»^^^:S^SfJ^c^i^3 

•3 . msZ'ptj: < <!: 2 fi©M5tM^^t&?-(cSi^3 tlTC^ 

[0024] **W©f6©!|^©®iB-C». iJ>!& < i 

3{i©Brria3^ji5ii^!i^*fii^. tfrfaftiBt©^^-"^ f 
mizmm^^<D ^ ^'pt£ < i 2 ffl©M?iM^^ 

«^©T-:^«8^-K:SigE3tiS*iima>'>->:' F*WU. 

«a«ffi>'< > F*s«^3nsB(riaii-gemsira©igss«c 
m>mmmi=i-ifi. B^raBas^©ss^^•^' Y^^ts^>( 

9^<D9\^^n^icmmfif>cw^^ixx\.^^, 

[0025] *^©36Ccffe©KS6tjiS:^B-C». M 



©#5e©^®-c«. m^.'^'jir-iyifs^ m^mitmmis. 

(0 02 63 ^^c^^Jc^-SSftSftffijg^ ^ 

[0027] ^c*j. *w*ffl«cc*iti-r rv^ i'ox h i; 

^•^Affl:^S©«^^^>K:S^g53n-S?|-gi5®Siil>& 20 
< i 1 o©T-;^m&{cSi^sn-Sii-g5«®K:*tu. 

mssm^w&v ^ jud»«^©)Em««©tf'C.^=&3i 
0 . EM'&wsncm.^-ri>wsm.<Dm o «: 9 o saigs 

[0 028] *^{C«^S3lM««. *^ISK:fi^-5?itt 
[0 02 9] 

[^l^©ll;te©J^Sg] felT. 0®4#MU-5O. 2|E^?^ 
[ 0 0 3 0 ] 0 1 «, *^H^©m 1 ©SI!ft««l(C^^.S3itt 30 

^®2fiiig©BSiae«j»fM-c*> 0.02 «*je6fi«^-cffl 

/N- ^r-yrt©«ffi«Jg4SiW^-5fc«)©«iSCfi5j^ffiH 

[ 0 0 3 1 ] a 1 «c^-r J: ^ {c. :**Jg6^©5*i4«ffij& 

^-f- 3 «BS0Bfi{c -eoJl-f^ ©**J^3 n-rt 1 

[ 0 0 3 2 ] y '!r-S^2 5EBJ^t>;©-<->^»«4 

•^-xsffi4±cc«^3nfcjsBm«:©ffliM5i« 4o 

lgl*©++->r7'*f6«!:*W^S, ii®5». i§?f^««« 
il-® PJB«^flfe©8l*^f»jg% -5 fe©-C* o r 4> J: 

[0033] •-<-;^«ffi4RU:ffllM5». {^^«T;U5 
:*-*i'©il6i»f442^ 5 i'XftStsti^^^fliCCJ:*)*! 
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[0 0 3 4] H2{c^t-j;^«:. m^mmTi&y -i >\^^m 

^^3 «. EE®4»«<!: b-r©Jg^«t«®EE«S« 7 *W 
TS. EmS«7«, *SIJgf(|-C«3 6- YcutXe 
tSL i Ta03 Sffi{Cj;«3«^$nrc>S, €>oi4>. 
)ESS«7», ffe©0ESi*l^S. *SC^»5^dr>s;';l'a 
>KiSJ^-fe9 5 •;'i'X©J;'5!aiI^-fe-7 2 s»i'X(Cj:0 

[003 5] IE^«7©±M7 a«:«. ^ilJ@«'^® 
»3. 0^©Sffi«jt*sj^RS$tirt,»S. C©Sffi«Jg* 

[003 6] H2*#MUr±ffiSg«jg*Si?8-r.S. 

ffi^SS 7 ©±® 7 a ±{C «&^=■MlsIK«RS^*|^■r 

i^jiKWig^e . 9 -Rxfrnim.^^ 1 0 ~ 1 2 tmwu 

~1 2». t,>-rtnb. lO©IDTi. IDT©^®jg 
eS8:&ffilMflPJK:iiBgStift:Jg«S<!:%Wr-5, B^Mft 

TSai. mm^sh, sci^^f-rs, 

[0 037] S/c. IE^«7 ©±® 7 a±iCtt, 

5>Ki 3~i 7*ij^^snr«,»s. «ffi^>Kl 3- 

17 {J. 5ifS«®?S7 ^;l'iifg^3?r?|-gi5tm«efJCcS 

^•rs/c«)ogiJ^3-t?*>f3. *.5se:©Mi«:wr'S^)i 

KfCiOfll^Stirt,**. ^C*J. SfiS-5>F13~17 

[0038] > K 1 3 5iti^E-ffi?7 ^ ;Ud?* 
^3©A::^^<!:b-C^C»e,n. K«85^> F 1 33!>««a 

ss 1 8 J; 0 m ©a^M^ti^^ 8 ©-fficcgggss nr 
*^ssi stj. m@^> K 1 3 i. m3]mm=i- 

8 ©^i . Sr 1 ©#5IJ)»^^ 1 0 ©-«s8<t*«afl«> 
{cg^^L-riiS. ^feJtJBgittg^ 1 0©«^K1 8*5g^ 
$nrCiSffliJi«JS*fffl'J©«5S|5«. «^19«r/M^-C 

F 1 4{c^snri>«. F 1 4«. 

[0 03 9] $fc, iS5>J»g*^^8©^m8S 1 8 
3ti-rt^5IiJ<t«J©l*fflrj©SSg|J». ^«K2 0«:eii^$ 
4irc>4, 3»Si»2 0». Il2©i^jli5^t®^9©-«l 

imm 2 ©Mjijsaitti^ 1 1 ©-^K 4>Si^ s nr i. » 

Il2©afe^j)|^jli^l l©*SK2 0*J^3tx-C 
l,>SfflIi«S*tflPJ©if8au». F 1 5 K-W^tti 

■ct,^*. me^>F 1 5WT-;^«ti«:««is$n-5Sffi 

^> F-C*)5. 

[0040] m2©a[^M^ti^9©ftfe}SSCi*. ^I^K 
2 1 *i««l3tirte»3 . 9«|%2 1 ». «e^> F 1 7 
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SMmo^mt. mm^2 i ^iri^xmrn^^^ h i e k 

[0 04 1 ] fi£-5-C. ^ ;l/if«^3 {CJsli 

3 ©a^ijw^tfg^ 1 0 ~ 1 2 tt. 04 {c^-r^-?-s!iiK 

[0 04 2] S3 ». 01 K:^Ufc^^••?-^r-*✓2{C*^^t 

•r. •^-;^»S4©±®4 aitcfct^r, «fciix-c^-r 

2|S»{C#14^M?g7^;V4»|R^3*5^i8$nS. C<rm 
»«:*jCi-c. Hu^bifeSSttllDijg:? ^ ^^3 j^iim 

4f SR^3 3&SE«S« 7 ©±M7 a *STffi%l«l < J: 5 Cc L 

r, S3fc^-r-^--;^SS4©±M4 a±(cs#a6n. 

^^^3*!H3£Stl-5o 

[0 04 3] '^-;^a«4©JiS4 aiKtt. M 

-r^tJ^, C©at5[©«®>'<f K2 3-2 7*iy 

>(r^v^m>^mm.hx\.>:h. mm^^^ k2 3-2 7*^ 

2 3«. A>7'2 8tCj:«J. 02tC^bfcmS^> F 1 

3(c«mfi9{cs!igi$ti-s^^«>(c. mmtiici^^tx 

•2>. l^filfC, mS-'^-;' F2 4~2 6tt, -en^ti, 02 
{CmLA:m5>F 1 4~ 1 6{C. >'^•>7•2 9. 30. 

3 1. 3 2tCj:«3«iKSn€.. 3?)^CSffi/^•i» F2 7 

^^•>7•3 3 ^/ror. 112 lC^Lfc«ffi^> F 1 7 

[0044] ±l2liffi/S-^ K2 3-2 7©^ ^, 
F 2 3 . 2 7 3iS. i1-Sa5©M#7 >f >K:««5SnS««B 
2; Fr* . m^f^ f F 2 4 ~ 2 6 tt^a5©T-X ^ 

[0045] '<-;^»«4©±M«:k. il-SPSfii 

4 l~4 4*iJBES3nrc>S. i1-g|Jm®4 1 ~4 4W. 

'<-;^a«4©±s4a/cw-cAj:<. iai^«s^3n 
ri^^ci^SB^jcfciir. •^-;^SS4©ffliJ®Riy=TffiK 

4 4«. 01{Cij^L/i:5itt«ffi?S^i^gl'&nS|J<t^a«J 

[0046] J^gUS®44«. -T-'fi^ax F y 2»:/^-f 
>4 5 5r:/>L/rSe>'^•f F2 3KSi^$nriiS. IHIi 
fC, J1-SPSffi4 1W. v-Ti'p;^ FU ■:':?'^'f>4 64 

^^rmfis.'^•i» F2 7«:«!K$n-cii5. ii-gps 

ffi4 2«. i'n;^ FU ^?::^^>f>4 7«:/M^ra«i 
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y F 2 4 KSi^s nrte D . J1-g|JmS4 3 ^ n 

;;<Fyf7*^-f>4 8. 4 9*:^br. K2 

5, 2 6©5K*{c«^fl«jk:g^^$nri,^.5>, 

[0 04 7] fi^o-C. i^g|5^4 2. 4 3». ^1-gi5©T 

1, 4 4*Sffl-^7W>JCS^3n.2.i^5i5^®T*So ± 
lE^-fi'p;^ F --':7*^-<>4 5— 4 9tt. •^-;;^atg 
4 <!:fllMi©ra«:#4SELri»S, 
[0 04 8] 2^:SISfi05-e«. ±iB-5'-/i7a>^F';f:7'^ 
10 'r>45-49«:j:«3'f>3^i':Sf>;^:9-*5f#?.n-S, 
JEct>^. v-f dfa;^ F y f ^^-/>4 5{cJ:D. ia4(c 

47-49k:J:0. -^>:J^i?^>;^L3-L5*s«fi£S 
[0 049] > ^^^liISS«^*W^-5.« 

rate. -r>4^^d«>;^^<tL/-cjto< -v-f F f 
r?'^-f>4 7-4 9*jfigK§nt:t,*s. ig«{c. B^JK 

1. 4 4i©Htcfe. -eti-en. -v'-ri^ax f ^ t*-? 

[0050] :$:mmm-cu, 2 m<Dm.fm^m=f-8. 9 
i^iof3m<Dmimm^i o~i 25!>»6!a:4«^M©:7 

3fe?!iSB*^jg^- 1 0-1 2 (c. -en^n, JteiLfc, ±tBv 

-/i'a;:^ F >; :7*-7-/>4 7 — 4 9tcj:«j >^i'^> 
30 *srt-sti«>K:. iiaa^l^i5^©jgc^*:^^<T-5 

[0 0 5 1 ] mecDmmit. ^mmmay^mmmm.ms 

40 4©±® 1 0 4 a Ji{C«> F 1 0 5 — 1 0 7 *J 

Wyf$.^inxy.>h. ^fc. raPSicli. i^SB^ffil 1 1-1 

i4ifimm^tixi.^?>o 9i-$mMi i i-i i4», 

-x»«l 0 4©±ffi*^6ffliJffl>&^r. TffifcfeM^J: 

^•rs. Ji-g5sei 12. 1 1 3{*. m<D±{.>m^i 

0 8. I 0 9{Cj:f)«fii^>*-? F 1 05. lOBJC-eti^- 
F 1 0 73&S. 1 11.11 4 (Citjg^ij^Sn 

•5. F 1 0 7 {*, 5*tt«BjS7 ^ ivam^s © 

50 r-;^-7-f >{C^3n4«S^>F 1 4-1 6(C/^'> 



(7) 

•^(icj:«)m'^$ti. mw^y K 1 0 5. 1 0 6{i. -en 
^n. ft^*s^(c«!fissnsse^> k i 3. 1 

[ 0 0 5 2 ] Se-:>r . J:bl5©/cJst){CfflSUfc«£3fe<D?«tt 
>«:S^3nS*1-gPm@l 11.1 14<!:(DraK:> v-Y 

[0 053] ig«(c. BjiM^^iiTs . 9 tin-^mm 1 10 

12. llSiODrafCfe. J^-j^--iym(^is{,>X, 

C 0 0 5 4 ] j&fe. ±g^afemc;fS!*WK:*jt,>rffli» 

•5. B^ijfSftjR^s. 2-wm^imm=n urn. \ 

DT{Ct}WSS«i©>Ptl^= 100. SS*S<D^®}g© 
:4^=10 0. ^n^'j^O. QQum (Wtt^MiS 
©jKMA= 1. 9 9 Mm) , 20 
[0 05 5 ] »1. ^3©a^Mitm-?l 0. 12-S 
«§l§^i|i§= 5 0 /z m. I D T<D««i}g(!D>^!gt= 4 0 

]^s©msj§©*^= 1 0 0 > msfib- ^ 9^ i . 

0 4 Mm (S»tt^ffljg?©jKSA = 2 . 0 7 M m) . 

[0056] m2<r>mmmmi^ 1 1 ■■■mmm-stmm= 

5 2 M m. ID T©mffiJg<D*t»= 9 0*r. Jgi«fS©S 

efg©:^Si= 10 0*. ■ii@Jgf -;^3^= 1 . 0 4 Mm 
(5*tt^ffijS©?SSA = 2.08 Mm) , 
[0 05 7] S/c. HSfi^tCfel^-C, •^->^»K4±{C 

BfS.$tixt,>^-7^ tfa:x.\-ij y:fz>^>4 5'^49ic 30 

J: ^ -Y > 5*' i' 5^ > ;^ fiK^»iUT© j1 r * S . 

v-f i^p;^ h y 5, y'-^-f >4 5. 46 "O. 8nH 

v-f d/nx h >; -^:7*-7-{>47. 49-0. SnH 

v-ri'D;;^ h ^;7'^'r>48 --0. 5nH 

i^©*i». Se*fi^-C»7 8MHzr*4©K:*fL,. 2|c|g 
Sfitai-CttS 6MHz ijAtf * 

g|5©r-x^^4(cSi^3n-5mffi/^••> Kdi^-ti^n^s-St 40 

^^1 0~l 2{c!*S[{c-f>5«'e'^f>;;<RS»*s. ±f2v-f 
^nxv') 5»y-7'f>4 7-^4 9«:j:»)'f=rtin3tirt,>4 

[0 05 8] S^tC. ±ie-f>^^i'd»>;^fiRi»«#*D^ 
S/£:*©-7-f i7CJX h y -^7*^-04 5~4 9*J, 

:^S«<t(!iJM<h©fflicff^ELri<>?)©-c. ■y'Wi'p;:^ h 
y 5»:/5-r>4 5~4 9 t^nMW&y -t )Viim^3 t 
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^'#tt©»6ti^ci*ito*>^. ±.^-?-i^VL 
Xhy'?y7-/>45~4 9tt. d^'fT^'-7f^8PK:«# 
?iLt:t»Ad:i>©-r. >'^'>:7'©&g■?»^BII^:(c$lM*^^'5 

[0 05 9] S/t. v-ri;p;^ h V >*J^^-r 

©raPa?Ci'*^{t3i±SC<!:{Cj:f3. v^i/pxhy-y 
7"^ -f >©#feg*fc *)<0^>^if^ >:=t(S»*l8ft.5 

by f •?'^-f>©-f>a'i'if>x^t?l9:H-Lr?»14« 

PX h y ^» 7'^ >»i^^©:KS(c3SC>;fcJ6. v-f ^ p 
X h y t>:/^-^>©^>i^i/^>;;<(dc»*s, 5¥i±^ffljg 

{cas( D 'f^ i:f enr fe^ffc^ -5 c i a^cj i ^ i'fj:u©-c, 

[0 060] mz<omM^) miu. :i^i^m(om2<D 

[006 1 ] 2t:iefeCTK*jt,ir fe. II 1 (Drnmrnt^n 
r. S7k:^^j;^{c. 2m<Dm.^m^^8. gi. 

3<H©t^JB6«Jg^l 0-12 <!:*s«S^SI®»flE«rW 
•r -S J: ^(cSi^snr 

[0 062] *>ot«>. di7*^6W6>*i)5:J:^«:, 2|s:j| 

mm-cit. smommm^mT- 1 o~ 1 2 ©T-xmtt 

rt>ssiJ^3'«bJ^gB©r-;^ ^ nsi^SBMSi 

<!:©lffl«C. -<>5^i'$>;^L6. L73aigi^3n-Ct,» 
■5>. :^j:*5. 3fl©^fe?iJW*»7-l 0~1 2©r-;^«tfi[ 

CO 0 6 3 ] ±ia-f >yd'df>;i^L6. L7tt, 

[0064] asti. m2<!^l^fi0!I■^?ffl^,»6n*^^•ye^ 

-iy<D-<-'XmU5 4©±B©Sffi«jg*^-rttSM«j3p 
[0065] 02©||ii«^{t. -<-;^S«5 4©±ffi© 

©«l^iROf''^• •J' ^r-j;: 2 ©fte©«jg{COi,»-ri*» I ©H 

[0 0 6 6 ] *jl56«ai{C*jC>r*>. '<-;^a«5 4©± 
ffi©ffl3^XrH$tiri»5MJStc. 5itt«ffijS!7^;U^f 
^T-33&SEE^«4©±B4a (ia'2#fig) *ST®^lSj 
< J: ^ (c L r 7 1 X ^^-j >Xftr-'-« > T-tc J: ») $ 
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tli, 

[0 06 7] '<-;^««5 4©±ffi5 4a±«:«. S@ 

j^^i, F5 5~5 7ii^^fj:^if^r^ y^mi!}mfS.^rir 

ms^^•f K5 5. 5 6{i. ia2K:s^L/ 

5. 16i^N*>:/5 7a~5 7d{Cj:»J^^3n-5, 
[ 0 0 6 .8 ] J^ai5«g6 1 ~6 4 1 i(D« 
«:-<-;^S®5 4©3-:^-gB:a>{cg:W6n■r*^D, 10 
SPimSe 1 ~6 4li. •<-;^S® 1 4©±M5 4 a±/d 

■So ±ieii®>'-< F 5 5 . 5 6*5. ^n-en. -^^t^a 

:^V')vZf^'<>Qb, 6 6*/M^-Ci1-SBmffi6 4. 6 
OX F U •>:7*^-/>6 7. 6 8*:^Lri1-8l5S«S6 2, 
[0 06 9 ] -Tife*?^. -^-i;'2©5'-fr3? f 5^ap 

^. F 5 7 (c J: D zm<om\mm^<i>r--:^n 

7. 6 8%/M^r^!Q:5i1-S|J«ffi6 2. 6 3CC«i|^Stl 

[0070] iJfc. ffm«S4±©Aai:tim-^^^<b^j: 
6liffi-7>F13, 1 7<tT-;^4g^i!5:4Sffi^>F 
1 4 ~ 1 6 -y-ycD^^gpoM-^^ -f >JCjgiK 

snsj^sumsei. 6 4Si>'r";^7'r>«:«i^sn 

Si^SUm«i6 2. 6 3tC*fLt:. EEm»«4©tti*=£ji 

sfi«i©js c {c 9 0 e[Hi£-r -5 J: ^ {ctiass nr 

[0 07 1 ] -etoffecofiifiSJcociTtt. m i ©iitfi«*di 30 

[0072] ^20||JfeM<D?»ttSMiS7 ^ ^P^fiia© 

» 1 <DmMm<omimt hxmMi>fcmkm<m^mm 
[0 07 3] iiJ6t^{c*$i,^-r> ±ie-7-fi'Px F 

•J -^•7'7-f>6 5, 6 6{cj:0f^tn$4a-S-f>i^i'f > 
XfiS:»«. 0. 8nHr-*0. v^d/axF 

•;-v^9-o67. 6 8K:j:»)f*fln3n-5-r>d^i'3f> 
xfiE^«. ^n^n. 0. 3nHfie[r*.s. 40 

[0 07 4] !&*J. ?faiJ©T-X5-<>{C«gg3nSi1- 
SP^ffi6 2. 6 3(c«!iB6$tiSv-f i^nx F y --'t/^-f 
>67. 6 8W. ^1-g|J©T-x-5'-f>(k:S*b-rafejiJcc^ 

i^snsfc*. *sgfc». 0. 1 nHsaw^^a-f 

[0 07 5 ] H9*«6?86*>«:<fc'>K:. sfsSSSfeWrtt. 

-!r-5;:2rt{C±iBv-f i'PX F V f ::^'7'r>6 5~ 
6 8{CJ;I5 'r>d''5'df>Xfi£^*if^ijn3n-CCiS©-C. 
aiifi^i|Si&^©i^S!^iS266n-S. 4dB©ili 
SEB©aifi^ig|i|§». £E5i^r»7 8MHz(C^L/. :4c SO 
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[0 07 6] $/c. ^^Mtcfci^rfe. -/>^^i'^> 

X^:#Jja-r'5/c*©-7'^ i'PX F y 5>7'^-f>*^ 
x»«4<t]»K©fflilS5i©MCc#aEUri,»i©-c. 5* 

l©^t^i|^l«(c:*:J6tel?0{C*Jlir«>. ^^-YT^f^^ 
SP(cv>f i'ax F ly^'^-O^i^fiEL^Ct,*©-^ >'^•> 
7-©fi[g^fi^©$iIRS*S!tcc^, Stor. 5»tt^M2S?7 •< 

■5. 

[0 07 7] (^3©glife0!I) SI 0». »3©||JSW 
tc^S?¥14^Mjfi«B©lHl8S1t^>S:^f0r*€>. ^3 
©^IfiWCCfelirfe. ?»t4«ffi?67^;l'3r^^3tt. » 

1 ©Hist?? il5lil{c«RS$ nrte «D . 2 fl©it5tJiS*ti 

^8 , 9 i , 3 m<Dmm^i- 1 o ~ i 2 tifim-m 

[0078] *ll*t0!|{C*jl*r fe. /^• V er-*/2 ©WJM 

i>, S^cSic^t*. 01 lk:^-rj:^{c. '^-xttS 
7 4±«:t8W6,nft:««1fjiec*S, se-aT. •^-xs 
^7 4±©Sffi«5gm©1tREtC-ot<»-C«. II1©IIJ6 

[007 9] '^-XS«7 4©±ffi7 4 a±{C». 
©mSyf-^F7 5. 7 6. 7 7. 7 8*i?^fS5nrfc 
»3. teafKcWSe/^^:/ F7 5-7 8fCj;«3tS<''fT3'-:»^ 
SP*i«^Sn"Ct»-5. F7 5~7 8©('ig|JfCR 

1^^ 3 :? :t ^ X ^r^j >XferS-&T4BR©'-?> :?'©& 

[0080] '<-xa«7 4©3-:f-a5^{C«. ® 1 

(nmsmtnmf^vx. i^asmss i ~8 Atmi&^ti 

rt^i. ii-g|JS«B*S8 1. 8 4«. (t-^-7-Y>(CSM3 
nSi1-^«e-C* . y F 7 5 . 7 6 fCjit or V 

-/i'ax F y 2'7'^>f >8 5, 8 e^rn-orgMsn-c 

t,i-5„ $/c. f F 7 7 . 7 8«, T-X7'^>4C 

gS^3n.5J1-glJ^8 2. 8 3«:v-^ i'PX F y "^.T"^ 
-f>8 7, 8 8*/M^rg|igS3nrc»5. 
[0 08 1 ] S/c. mW-<'J F7 5«. -'^'>:/7 5 aCC 
J:0S2(C^U/c^ffi^> F 1 3K:igi^3n. m^^v 
F7 6«>'<>-/7 6 a«:<l:»)02«:^LfcSffi5>F 1 
7 CCjgi^^ -y F 7 7 >'^'> 7 7a. 
7 7 b«:j;f3mffi7> F 1 4 (02) (C^SIStl. 
/^•■;'F7 8{*. ''■5>7"7 8a. 7 8bKJ;f)^7>F 
15.16 (H2#«ll) {CS*S3nTt,>S, ttte. ii>& 
< <!: 2 ffl©3fe^JM*»^©T-XS8^*S 1 -^©^©7 

ss^$nsse5>F. wi««e7>Fi 5. i6*j 
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CO 0 82] mi otc^fi^K:. miom^i 
tmm=f-iotm2. msotmimim-i 1. i2«b 

^-11. 1 2<!:7'-;^^-<>K:«M3nSi1-aj^@8 3 

if >^ L 8 nr €>o 

[ 0 0 8 3 ] H 3 <Dl|]6fe««l®5*t4«Mjg7 ^ ^ (Omm. 10 
[0 0 84]>5:*>\ CCDti^. v>f i'D;^ h >; 

>8 5. 8 sKjis-f >yi'if>x^». -en-etx. 

0. SnHiL. -^-f i^aXY- ') 'jy'z'^^Bl , 88 

CO 08 5] lai 2*>6W?.*>*J:^k:. 2|E||S60!ICcte 
8 5 ~ 8 8 «c i ^> -r> 3 n-c *J 0 . 

WiW. fi£3fet?Sr«7 8MHZ-C* soccer L-. :*^JS 
f^t?«8 5MHzT*»). JS^l^^bfe|5l^{CS6nrv> 

c 0 0 8 6 ] 3 02 ©iiifet?«©;iiei^!ittt 
9) ttmri>t. ^mmm-cu. mimtmrnomm 

»3©^«a|©5»tt^S?g^g«> »r2<?^f®M© 
C 0 0 8 7 ] (1^4 <Dmi&m) S 1 3 «. ;^:^?g©||4 

ig^7^ji'i»^^3*iffl(,>e,n'^o. mi. m2<r>mM 

m^rn^B, 9<i:. lll~l»3©3fe5>Mitm^l 0~1 

C 0 0 8 8 ] @ 1 4 «CWrffi0t?^-r J: ^ {C/>' -Jr-i;* 2 
01©'!r-;^<vf<bOr©--4-XSS9 4^Wr-5.. 40 
iI^9 5SO'+f -^:/9 6*i6,&-5.»2©er-;^ 

» 1 ©iiJt^iiiiBiitfcii^snri**. 

[0 0 8 9] :^:||S6t^t?«. -^-X||«9 4*SBIJS-fe5 

[ 0 0 9 0 ] S 1 5 '^-X»S9 4 ©^®E-C$> 

1 5{c^-r<J:^{c. --t->^SSfi4©±a«:». lastc 50 
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5 5~5 7*s?gfiR$*ari,»S. *>r><b4>. Jjs^caj-r? 

'^-;^»«9 4©±a{c«, 9[^fmitM^^tiX 
t^^Cti. ifc. '^-xaffi9 4rt(C»> ±^3!)^!mS-'^• 5f 
F5 5~5 7{ce§^3nSJ:5{c;^;U-j^-;l/®Bg9 5 
a~9 5 d*5jf^gS3nru-S, X;U-*-;b^9 5a 
~9 5d©T^W> 0 1 6«:iS-r-7-/ i^p:^ h >; -y-/-^ 
-r>9 7 a~9 7 d©— ^{C«i^3tirc»-5. •7-Cd7P 
X h y v:r^'il^Q 7 a — 9 7 d©ffejS». 9m^9 

8 8 dicmUStiXl^^, i^a5^9 8a-9 8 
dtt. -«:-XS«9 4©4JralS^3^iS^C*s^,ir. =t—f- 

6 9 4 ©ffliJBtcM S J: 5 icMfS. 3 ti 

CO 09 1 ] -ttSify%^ mi<D^~7.U 

<tL/T:©'<-;^»S9 4F^(cv-f d7p;3; h v^zr-O 

9 7 a~9 7 d36iai9:Snr*J»3. fev-f i>p>^ h y ^ 
:^7-09 7 a~9 7 d(CJ:0> S 1 3 CCmT J: ^ (c. 

01-03 (omm^w^^^mw^ i/Zcgp^ii^gq© 
T- ;^ 7 >f >{cgsiS3 nsii-^sffii ©M© A-^^i?^ 

>X L 9 . L 1 0 <!: , ii^Jigittg^s . 9 <ti1-g|J©ffi-^ 

LI, L2«h%it^UTl»S. 

CO 09 2] C©cfc^(c. ■^^mic^^-i^-^ly^i>^'> 
X?:fttir^/t«?)©v-f i^p;^ h y 

CO 0 9 3 ] S 1 7©3S^«. 04©j||fSf?!l{C^&S?»tt 

«sffi?iga©«as^j6iS!^*5^L. fiiiiKti^i©^! 

J6«i|©J:btS©ft:«e>{cfflSUfcfie*0«©?¥tt«ffliftSlg© 

j^fi^?S!K!|$tt*7K-ro ^cfc. 04©*;te0!l©5itt» 

n-S'T'-f i»px h y "^^^•^-f >«:<!: 5 -f>d^i'5»>>^^ 
til. OnHil/« SfeJiM^^Jg^iT-X^-f^tCgfti 
3nS'r>3^:J'df>:^^L7. L8». ^n^ftl. 1. 
OnHiUfc. 

[0 094] mi 7*>e>W6A>«:J:^{c. 2|i^Wc*i 
/c«?)©v>r i^p;^ h y •?:?'^-r>*»B£-r-SC<!:(Ci 

pjk*jw^?^s©%#3&5^li^ cn«. M?ij{c«^ 

sn/c-f >i^<?i'>>^L8. L9*i:A:#(,>fc4{>. 

f r (DmWLWfiiS. <tJ:r> fcfddiX&i, . 

CO 0 9 5 ] 04®SIJ6«a|-Ctt. v-fi-PyC h y 

■Y>*i'<-x»«F«iccas3n-rt>.5©-c. -TiSto-^rt 
spms©?^si-c«fiS3nTt,>s©T. ■v'-Y d^px h y 

■7'-7'f>©S3*S<-r-5C<!:7&ir#. J:0:^#«:'f> 
>yi'3r>X*#^{C». iafS©»lCjSi9v-f d7px h 
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[0096] 0 

P h >; 2» ^ >*s^< yir-vpiicmi-f ^>tir c> s 

y ^}i'i'mtim?>ct^it:^?>. 10 
[0097] S/c. v^i'n;^hUi»:/^'f>*j|$fi5E-r 

t:^'^ >f >»J1-|?©iJSlc!St,ifceib, -7 ^ a ;^ h u 7' 20 
^* 7 X - ;^ dr>? >xgfe«: J: -a r^- ;:^«««:as{ 0 #W 

[0 09 8 ] S/c, >'^••:'d^-^i, Sitt^ffijg?-? iUi? 

^■?©i>-rn*^©fi^ia^s^-x4a^K;>'N'>7*ccj: 

it. J:lea«^©^-'^•^» K«:5ifett«ffi?ft7 ^^b^rlg^ 

tiSfifjg^*iWc$ti*. fi£oTi:.. ^^m^cu^x. mm. 

(0099]-7-ri'DXhy? y'^y^^^K a^M^^ti 
^^©(t^«^^ccgsg|^nrc»smffi^^•2' Ft. S*i4«ffi 

©racc«igl$tirc»s»^{cS a5>JSS^*i^<!:<i-^7 40 

[0100] S fc, V y 7*^ -C >*5. 

ii>/d: < <!: 1 -:>©M5>JB6*^©T->^*8^«:^N->:/(c 

;^ 7 >«:gi^sn-5Ji-g|5«^©KK:i9:i:r p,nrt,>s 

JS^Ktt. jijS^i^ia^j^fc©ifc^i>-j£^«©7 
[0101] ii»a:< <b*>2ffli©afe5UW^^*WL/. ± 

x<om\mM^7~:^m-ifiKm^m±xpm^ so 
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[0102] igJ^tc. ^r©afe9lJKftfi^^©r-xffi^^ 

*S0. ^^a<i:Snr^»*S@.'^•-^ Fi. i1-g|J®®i©iai 
©igSSfCvWd'cix F 'J -^^^-f >3!>5SC:f6n-CC»-SJ© 

^i.r>-©lBiK3Wa^i«:S. 

[ 0 1 0 3 ] ii>jfe < i 4> 3 mii.<omm^m-^m 

SnSIMi7>Ft> ^@^>F*iSiK3ti*i1-aJ« 

ffi<i:©H©ig3§(cv^;?o;3; F U i'7'^'r>3!)iS:l:f6tx 

r *i 0 . i!>^c < i 2 ffli©3j^Jl»*^g^=■«^^©M?lMA 

[ 0 1 0 4 ] ii>&< i 3<l©M9>J*iI*®^*«^. ^ 

3e?iJMft«^© ^ ^ii>^c < i ^ 2 ^i©^JifS^^^©T 

F*5g!il^3n-5J1-g|5«ffii©ra©«S§K:|9:l^64T.-r*J 

*nm©a^jwftti^^*5. aiK©mffi>'N--:' f=&^ 

[0 10 5] v-f4?a;^Fy >7'^-f>*5/>"-?dr-i?F«i 

^ffiifi7^;b3ijg^^i©mfia^)JcTat4P;5|f. 7 
-< Ji'^'!|$14©^fk=&JS< C iAs^ci^, 
[0106] '^-xS^i, 
±{cS:l:t h nA:S«©ffliM <t . l*)Stt©ffiiM©±ffi*M 

d'PX F y 5'::''^'r>©iSSB*t. 
©ratciegsti-cii^iS^tci*. 

[ 0 1 0 7 ] dr-iP*i, !itt^ffl?g!7 ^ J^:5^^■7^7!)S 
^4g3tl«.^l©dr-x**<!:. » 1 ©^-Xt*{C«4S$ 

XMi^m. lll©dr-Xtt©F*9S|5K:v-fd'axF y 
•;;7'^-f>©iSgi5*Jg:W6n-CC^.Sia^4C«. A^^c 

df#tt©:^*rd:5!c«4?f 5 c i *s-etr 
[0108] ?*tt«B?ft7 ^ ju^JSR^©Aa:^;iS©«-^ 
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mm<D^mf3:mm] -f lo 
5'jga©>'< ->--i;©-<- ;^s«±s©as4©«@>'N- 

[ @ 4 ] m 1 ©lli&^©^^^2S7 ^ di^<Dm^ 20 

[061^1 ©lli6m!:J^€^©$Vlt«Sii{i[^iS©^ 

[BIS ] m2<Dmim<miiimmy -I ivnim-cmi^ 
e.n•l»'^•i»^^-sp©'<->^a«©±H©«e«Jg*^•r 30 

ca 9 ] n 2 ©I6sstwsiytfii3i5«ai©^tt«®js[:7 ^ 

4|g©M«fi-JljS^^*^VSo 
[010] *^?S©l|3©J|i&|^K:fi&*5Ptt^Sjg7 ^ 

[011] ^3©IISfi{?!l©5*Sffi!SSE^ ^ ;^^'SIB©-'^• 

-5- -iP©'^- ;^«ffi©±ffi©^s^ji*7n-r¥M0. 
[012] m3<Dmmm:si.u^mhm<D^^mm&y ■< 

[013] *^Hj©|g 4 ©ll;^©SW4*ffi?«[7 ^ dr 40 

[014] ^4©||tfiW©?!|Jtf^ffi«7 ^ il/3»^S©»f 
90. 
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[015] 04©||]teM©5*tt^®2^7 ^ ;U3f$|g(c*j 
CtS-'N* f ^r-*P©^-;^S«±ffl©«g«jgJ&^-r^ffl 

0. 

[016] »4©||i6{^©5i1iaEjg7 ^ )\^^mmicm 

[017] »4©jiisp!iso'se3fe©5ittaffijgE>' ^ji/^t 

[018] Sf*©tj||^FS!|5Iffi«fiS*WrS!*14^iii?g7 
-f ;U ^S^g©— 0«^r^f llifS0, 
[019] fi£*©5*tt«ffiig7 ^ ;U^«S©ffe©t«*|tt 
W^4fc^^>©Kffi0. 
[#-^Si?g] 

1- 5i|ll4^ffijg:7^;l'dr*|g 

2- /<--»er-*; 

3- 5ftt«Mjg?7^;l'df3R^ 

4- ^->^»« 
5 •••fiiM 

7 -EMWR 
8. 9-it?iJ|»itg^^ 
1 0~1 2 •••afefiJlRilS^- 
1 3~1 6 --mfi§7> H 
L l~L5"-f>3^i'3»>X 

L6. L7 --f>3^d/5f>X 
54...^-;^^^ 

5 5~5 7•••mffi^^•f K 

55a, 56a. 5 7a. 57b. 57c, 57d•••-'^• 

6 1~6 4 -ngiJm® 

6 5~6 8 - v-f i'p;^ h 'J 7*5-^ > 
L7. L8--<>d^^'ir>x 

7 4...^_X«S 

7 5~7 8 V 

75a, 76a. 77a. 77b. 78a. 78b-S 

8 l~8 4-i1-S|5mSs 

8 5~8 8 - v-f h y •;'7*^-Y> 
L9. LI 0"-f>yd'$>X 

9 4--^-X»« 

9 5 a--- 9 5 d•••;^;^-s^— 

9 7 a~9 7 d -^-f i'n:?^ Hi > 

9 8a~9 8d-^1-S»®E 
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